Abstract The cadherin-catenin proteins have in common with heat shock proteins (HSP) the capacity to bind/interact proteins of other classes. Moreover, there are common molecular pathways that connect the HSP response and the cadherin-catenin protein system. In the present study, we have explored whether in breast cancer the HSP might interact functionally with the cadherin-catenin cell adhesion system. β-Catenin was immunoprecipitated from breast cancer biopsy samples, and the protein complexes isolated in this way were probed with antibodies against HSP family members. We are thus the first to demonstrate a specific interaction between β-catenin and Hsp27. However, β-catenin did not bind Hsp60, Hsp70, Hsp90, gp96, or the endoplasmic reticulum stress response protein CHOP. To confirm the finding of Hsp27-β-catenin interaction, the 27-kDa immunoprecipitated band was excised from onedimensional polyacrylamide gel electrophoresis gels and submitted to liquid chromatography-tandem mass spectrometry with electrospray ionization, confirming a role for Hsp27. In addition, β-catenin interacted with other proteins including heat shock transcription factor 1, P-cadherin, and caveolin-1. In human breast cancer biopsy samples, β-catenin was coexpressed in the same tumor areas and in the same tumor cells that expressed Hsp27. However, this coexpression was strong when β-catenin was present in the cytoplasm of the tumor cells and not when β-catenin was expressed at the cell surface only. Furthermore, murine breast cancer cells transfected with hsp25 showed a redistribution of β-catenin from the cell membrane to the cytoplasm. When the prognostic significance of cadherincatenin expression was examined by immunohistochemistry in breast cancer patients (n=215, follow-up=>10 years), we found that the disease-free survival and overall survival were significantly shorter for patients expressing P-cadherin and for patients showing expression of β-catenin in the cytoplasm only (not at the cell surface). The interactions of β-catenin with Hsp27 and with HSF1 may explain some of Cell Stress and Chaperones
Introduction
Numerous prognostic factors have been evaluated in breast cancer patients to predict the clinical outcome of the disease. If the disease is detected early, most of the patients with invasive carcinomas will have a high survival rate (about 70-90% in axillary lymph node-negative), although a certain number of patients will develop distant metastases making the disease practically incurable. In contrast, when the disease is detected at later stages, the probability of distant metastases increases considerably. However, even patients with axillary lymph node-positive cancer have variable prognosis, and not all of them will develop distant metastases. Therefore, it is desirable to improve the prognostic factors evaluated in the primary tumor; such information provided to the physician is very valuable because, for instance, patients with an aggressive disease should receive chemotherapy and/or be placed in special clinical protocols (more aggressive treatments and frequent follow-ups). Prognostic gene expression profiles detected by microarrays are under intensive investigation because hundreds of genes can be evaluated simultaneously ( Van't Veer et al. 2002) . However, as with other molecular assays, the tissue submitted for gene expression analysis is different to the tissue examined under the microscope. For example, the tissue may contain invasive and noninvasive tumor, normal tissues, and necrotic areas. Immunohistochemistry allows this discrimination. Moreover, gene amplification or expression (at ribonucleic acid level) does not necessarily correspond to protein expression. Protein localization is important for explaining functional roles; for example, we have found that nuclear localization (but not cytoplasmic content) of heat shock protein (HSP) Hsp70 is related to poor prognosis (Vargas-Roig et al. 1998) . In a previous study, we have integrated estrogen and progesterone receptors (ER and PR, respectively) with pathological and molecular prognostic factors in breast cancer patients . When the pathological prognostic factors were combined with the molecular factors, 82% of the patients who developed distant metastases were identified (followup of 5 years). In the present study, we have used this tumor bank, which now has a median follow-up of 10 years to analyze another molecular factor, cell adhesion molecules.
Cell adhesion molecules are essential during development and for the maintenance of tissue integrity in adult organisms. They limit cell movement and proliferation and are also implicated in several signal transduction pathways. The cadherins constitute a superfamily of adhesion molecules and are transmembrane glycoproteins responsible for calcium-dependent cell-cell adhesion. The extracellular domain forms homo-heterophilic bonds with cadherins on adjacent cells, which specify cell-cell recognition and sorting of mixtures of cells (Gumbiner 2000; Foty and Steinberg 2005) . The classical cadherins include E-(epithelial) and P-(placental) cadherins, which are the best characterized members of this superfamily. In normal human breast tissues, these molecules show distinct patterns of expression: E-Cadherin is expressed by luminal epithelial cells, whereas P-cadherin is restricted to myoepithelial cells (Rasbridge et al. 1993) . α-, β-, γ-, and p120 catenins are the cytoplasmic partners of cadherins, and the prevailing dogma is that cadherins are linked to the actin cytoskeleton through beta catenin and α-catenin strengthening its adhesive force. Recent studies show that α-catenin does not interact with both actin filaments and the Ecadherin-catenin complex simultaneously. These results suggest that the linkage between the cadherin-β-catenin complex and actin filaments is more dynamic rather than being static (Yamada et al. 2005) . β-Catenin was first found to be part of the cell-cell adhesion complex but has subsequently been shown to be a downstream signaling molecule in the Wnt/wingless signaling pathway (Dann et al. 2001 ). Normally, the cytoplasmic level of β-catenin is downregulated through interaction with a protein complex comprised of normal adenomatous polyposis coli (APC), Axin, and glycogen synthase kinase 3β (GSK3β). Under these circumstances, β-catenin is phosphorylated by GSK3β and activates the ubiquitination pathway leading to degradation of cytoplasmic β-catenin levels. Activation of Wnt signaling leads to the inactivation of GSK3β resulting in accumulation of cytoplasmic β-catenin. At high cytoplasmic levels, β-catenin translocates into the nucleus controlling the transcription of genes in concert with TCF/LEF proteins (Rubinfeld et al. 1993; Morin et al. 1997) . Several mechanisms have been reported to mediate this transcripitional event, including mutations of β-catenin, deletion of the APC gene, and activation of the Wnt signal pathway (Morin et al. 1997) . Absence or altered expression of the cadherin-catenin complexes results in decreased adhesion, and this might be and important factor in tumorigenesis, particularly in tumor cell invasion.
In breast carcinomas, a number of immunohistochemical studies have analyzed the expression of E-cadherin and have linked aberrant E-cadherin expression with development of metastases and poor prognosis (Siitonen et al. 1996; Heimann et al. 2000) . This protein is lost or reduced in infiltrating lobular carcinomas (Berx et al. 1996) . However, today, there are conflicting reports with regard to the significance of this altered expression (Gonzalez et al. 1999; Peralta Soler et al. 1999; Cobanoglu et al. 2004) . The relative penetrance of P-cadherin expression in ductal carcinomas appears to be controversial. For instance, in one study, this cadherin was not detected (Rasbridge et al. 1993) , while in others, the expression ranged from 20 (Palacios et al. 1995) , to 40 Kovács et al. (2003) , to 52% (Peralta Soler et al. 1999 ) suggesting a role in disease progression and poor prognosis (Peralta Soler et al. 1999; Kovács et al. 2003) . The expression of P-cadherin in invasive lobular carcinomas (ILCs) was not detected in some studies (Peralta Soler et al. 1999; Kovács et al. 2002) , while another showed a low cytoplasmic staining (Kovács et al. 2003) . Finally, reports of β-catenin expression patterns in breast carcinomas are limited and inconsistent. Some authors show that loss of E-cadherin expression is associated with loss of α-, β-, and γ-catenin immunostaining (Gonzalez et al. 1999) . Aberrant cytoplasmic/nuclear expression of α-and β-catenin was correlated with poor prognosis in the studied patients (Nakopoulou et al. 2002; Lin et al. 1999) , while membranous normal β-catenin expression was associated with the highest survival rate and survival length (Lim and Lee 2002) . In this study, we have analyzed the expression patterns of E-cadherin, P-cadherin, and β-catenin in breast cancer by immunohistochemistry to evaluate the prognostic significance of these cell adhesion molecules. We found a surprisingly high expression level of β-catenin in the cytoplasm of several of the tumor samples. Subsequent immunoprecipitation and coexpression studies examined the potential interaction of this protein with another class of cytoplasmic proteins with elevated levels and prognostic significance in breast cancer, the HSP (Ciocca and Calderwood 2005) . Our study also indicate the interaction of β-catenin with Hsp27 and with heat shock transcription factor (HSF) 1, the transcriptional inducer of Hsp gene expression in response to stress (Christians et al. 2002; Khaleque et al. 2005) .
Materials and methods

Patients
This study involved 215 consecutive breast cancer patients from the province of Mendoza, Argentina (ethnic group principally formed by descendants of Spanish and Italian immigrants). All patients were free of previous breast cancer treatments and presented stage I, II, or III operable primary cancer. The patients were first seen (initial diagnosis) during the period of 1989 to 1995, and all of them approved and signed an informed consent. After surgery (conservative tumor resection or mastectomy, with axillary lymph node dissection), patients were treated with radiotherapy (those treated with lumpectomy) and received systemic adjuvant therapy when indicated (according to tumor size, lymph node involvement, patient age, clinical situation). Adjuvant therapy consisted of CMF (cyclophosphamide, metotrexate, and 5-fluorouracil) or FAC (5-fluorouracil, adriamycin, cyclophosphamide); tamoxifen was indicated according to ER and PR status. The condition of the patients was periodically evaluated clinically and by especial examinations (including X-ray of the chest, bone scintigraphy, and liver ultrasound). The data were computerized and regularly updated. The study endpoints were the distant disease-free survival (DFS) and the overall survival (OS), which were calculated as the period from diagnosis until the date of the first distant recurrence or death, respectively.
Unique features of this tumor bank are: These are consecutive cases with a long follow-up, all patients were surgically treated by the same surgeon (Gago) , the pathological study was performed by the same pathologist (Tello), and the molecular markers were all evaluated in the same laboratory. The main clinical data of the patients entered into this study are presented in Table 1 .
Tissue processing and cell line evaluations Tumor size was determined by the pathologist on fresh tissue. Tissues were fixed in 10% buffered formalin at room temperature for 24-48 h, dehydrated, and included in paraffin. Hematoxylin-and-eosin-stained tissue sections (5 μm thickness) were used for histopathological studies. Serial 5-μm-thick sections were mounted onto 3-aminopropyltrietoxysilane (Sigma-Aldrch, St. Louis, MO)-coated slides for subsequent immunohistochemical analysis. The following primary antibodies were used: (1) mouse MAb anti-P-cadherin, cat. no. C24120 (Transduction Laboratories, Lexington, KY), (2) mouse MAb anti-E-cadherin; cat. no. 13-1700 (Zymed, San Francisco, CA), and (3) mouse MAb anti-β-catenin, cat. no. 18-0226 (Zymed). The antigen retrieval protocol with a microwave oven was used to unmask the antigens (30 min in citrate buffer, pH 6.0). Tissue sections were incubated with the primary antibodies overnight at 4°C in humidity chambers at the following dilutions: P-cadherin, 1:200; E-cadherin, 1:20; and β-catenin, 1:400. A commercial kit to detect mouse and rabbit primary antibodies was used (Dako EnVision system, horse radish peroxidase, diaminobenzidine [DAB] , from Dako, Carpinteria, CA). Slides were lightly counterstained with hematoxylin to reveal nuclei and observed with an IM35 microscope (Zeiss, Oberkochen, Germany). Negative control slides were processed excluding the primary antibody but including all other steps of the procedure. The immunostaining procedures to detect ER, PR, proliferating cell nuclear antigen (PCNA), p53, HER-2/neu, and P170 (mdr1) were described previously . Serial sections were used to evaluate the coexpression of proteins; in these cases, the antibodies used were: (a) rabbit, polyclonal against a hybrid Hsp27/Hsp25 protein (Ciocca et al. 2003) at 1:2,000, and (b) rabbit, polyclonal against HSF1 at 1:7,500 (kindly provided by Dr. Calderwood SK, Beth Israel Deaconess Medical Center, Boston, MA). Double immunostaining was performed on selected cases using as first chromogen diaminobenzidine (DAB) and then as second chromogen alkaline phosphatase (AP).
The immunostaining was semiquantitatively scored as follows: (1) P-cadherin: 0=no staining or membrane staining in less than 1% of the invasive tumor cells, 1=membrane staining in greater than 1% of tumor cells; 2) E-cadherin: 0= membrane staining in greater than or equal to 30% of tumor cells, 1=membrane staining in less than 30%, 2=no staining or membrane staining in less than 1% of the invasive tumor cells (the scoring chosen for E-cadherin as a lower value [o, for membrane staining in greater than or equal to 30% of tumor cells] indicates good prognosis as was observed for Pcadherin and β-catenin); β-catenin: 0=no staining or membrane staining in less than 1% of the invasive tumor cells, 1= membrane staining (completed or fragmented) in greater than 1% of the invasive tumor cells (in this score, those samples that also presented cytoplasmic or nuclear staining but with very weak staining intensity were also included), 2=cytoplas-mic or nuclear staining (even in presence of weak membrane staining). These scores were obtained by two independent observers (Fanelli and Ciocca) blinded regarding clinical evaluation, and a few conflicting scores where resolved by consensus.
Western blotting and immunoprecipitations
Western analysis was performed on selected breast cancer samples to check the specificity of the antibodies used in the immunohistochemical study and for immunoprecipitation. Breast cancer samples stored at −70°C were homogenized with lysis buffer (25 mM Tris-HCl, pH 7.5, 5 mM ethylenediamine tetraacetic acid, pH 7.5, 250 mM NaCl, 1% Triton X-100) and for centrifuged 30 min to 13,000 rpm at 4°C. Protein (40-60 μg) from the supernatant and a cell lysate prepared from the A431 human epidermoid carcinoma cell line (positive control for E-cadherin, P-cadherin, and β-catenin) were subjected to 7.5% sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) followed by transfer onto nitrocellulose filters, as previously described (Fanelli et al. 1998) . The antibodies were diluted as follows: E-cadherin, 2 μg/ml; P-cadherin, 1:250; and β-catenin, 1:500. For detection of the immunocomplexes, chemiluminescence reagents were used following the manufacturer's instructions (Dupont NEN, Boston, MA).
Monoclonal anti-β-catenin was covalently coupled to M-280 tosylactivated Dynabeads (DYNAL, Biotech ASA, Oslo, Norway) according to the manufacturer's protocol. A human breast cancer sample was subjected to immunoprecipitation with the β-catenin-coated beads for 1 h with tilting and rotation. After washing with phosphate-buffered saline, the beads were resuspended in sample buffer, and the target protein bound was eluted and concentrated by boiling for 5 min at 97°C. For Western blotting, proteins were separated in 7.5 or 12.5% SDS-PAGE and transferred to nitrocellulose. Blots were then probed with anti-β-catenin (to check the success of the immunoprecipitation, 1:500), anti-P-cadherin (1:250), anti-HSF1 (1:15,000), antiHsp27 (1:4,000), anti-Hsp60 (1:1,000), anti-Hsp70 (1:2,000), anti-Hsp90 (1:1,000), anti-gp96 (1 μg/ml), anti-CHOP (1:250), and anti-caveolin 1(1:400).
Protein identification by liquid chromatography-tandem mass spectrometry with electrospray ionization Proteins separated by SDS-PAGE were stained with Coomassie blue. The excised protein bands were digested by trypsin (Promega, Madison, WI) in gel digestion at 37°C overnight. The following day, the tryptic peptide solution was transferred to a microcentrifuge tube. The protein spots were first extracted with 1% formic acid (Sigma-Aldrich), The total number of patients entered was 215, but there were some missing data for the parameters under evaluation.
2% acetonitrile (high-performance liquid chromatography grade; Fisher Scientific, Pittsburg, PA) in water, followed by an extraction with 50% acetonitrile-water. Both extracts were combined with the tryptic peptide solution and concentrated (in a SpeedVac Termo Electron, Waltham, MA) and suspended in 1% formic acid and 2% acetonitrile. Peptide analysis was performed using liquid chromatography-tandem mass spectrometry with electrospray ionization (LC-ESI-MS/MS). The peptides were inline desalted and concentrated with RP-Trap column Symmetry 300C18, 5 μm NanoEase (Waters, Milford, MA), and separated using C18 RP PepMap, 75-μm (internal diameter) capillary column (LC Packing, Dionex, San Francisco, CA). The standard gradient used was: 0-2 min, 3% B isocratic and 2-40 min, 3-80% B linear. Mobile phase A was water/ acetonitrile/formic acid (98.9:1:0.1, v/v/v), and phase B was acetonitrile/water/formic acid (99:0.9:0.1, v/v/v). The solvent flow rate was 8 μl/min, and the separation was performed using CapLC (Waters). Spectra were obtained in the positive ion mode with Q-tof micro-mass spectrometer (Micromass, UK), deconvoluted, and analyzed using the MassLynx software 4.0 (Micromass). The identification of peptide matching (peptide masses and sequence tags) and protein searches were performed using ProteinLynx Global Server v 2.1 (Micromass) against NCBinr v20060512. The data were also confirmed using Mascot open source (www. matrix-science.com) in tandem mass spectrometry ion search mode at NCBInnr v20060512 and Swiss Prot v49.6. The parameters for the search were as follows: The modification on cysteine residue by carbamidomethylation was set as fixed, and arginine and glutamine deamidation and methionine oxidation were considered as variable modifications. The maximum number of missed cleavages was one; the monoisotopic masses were considered, and the peptide and fragment tolerances were 100 ppm and 0.25 Da, respectively.
Cells and cell culture
The adherent 4T1 murine mammary adenocarcinoma cell line was used. The cells were cultivated, in accordance with American Type Culture Collection recommendation in complete Roswell Park Memorial Institute medium supplemented with 10% heat-inactivated fetal calf serum (GIBCO) and 100 IU/ml penicillin and 100 μg/ml streptomycin (GIBCO) at 37°C in an incubator with 5% CO 2 and 100% humidity. Subconfluent cells were split twice a week at a ratio of 1:20.
Creation of a vector carrying hsp25
The plasmid (Bausero et al. 2006 ) containing a 4.4-kb XbaI fragment consisting of the genomic sequence of murine hsp25 is ligated into the multiple cloning site of the retroviral vector plasmid pLXSN, which contains a sequence conferring neomycin resistance under the control of the SV40 promoter.
Transfection and selection of target cells
Subconfluent cell cultures of 4T1 were transfected with 20 μg of the plasmid of interest using the calcium phosphate precipitation procedure (100-mm culture dish, Mammalian Transfection Kit; Stratagene, La Jolla, CA). Cells were selected for neoresistance by Geneticin, a neomycin analog (1.5 mg/ml G418; Sigma, Munich, Germany). Stably transfected and untransfected control cells were used for our immunohistochemical study to evaluate hsp27 and β-catenin expression following the described methodology.
Statistical analysis
Analyses of DFS and OS were performed by the KaplanMeier method. The difference between curves was evaluated with the log-rank test for censored survival or event observations. Contingency tables were analyzed by the Fisher's exact test and Chi-square with Yates' correction. Statistical analyses were performed using the Prism computer program (Graph Pad Software, San Diego, CA); a p<0.05 was considered significant. The weightiness of the parameters was studied by Cox proportional hazard regression analysis. The interactions between molecular and pathological factors were analyzed by the Pearson Chisquare test.
Results E-Cadherin and P-cadherin immunostaining was observed mainly at the cell membrane of the tumor cells as a homogeneous, fragmented, or dotted halo around the cells (Fig. 1a,b) . Membrane immunostaining was consistently strong, and for this reason, we did not evaluate the intensity but the proportion of positive cells for scoring. Weak immunostaining for E-cadherin or P-cadherin in the cytoplasm or in the nuclei of the tumor cells was sporadically observed but was not included in the score. The percentages of positive cases for these two markers in patients with/without metastases are shown in Table 2 . The prognostic significance of E-cadherin expression did not reach statistical differences. In contrast, P-cadherin expression was increased in the membrane more frequently in patients with distant metastases (p<0.0001). Immunoreactivity for β-catenin was also detected at the cell membrane (Fig. 1c) , but in most cases, β-catenin was present as granules in the cytoplasm of tumor cells (Fig. 1d ). These granules were of different sizes and reached large magnitudes in several tumor samples. Table 2 shows the percentage of β-catenin immunostaining in the cell membrane and in cytoplasmic granules. A greater percentage of patients without metastases showed membrane β-catenin expression (p=0.0016). The DFS and OS were significantly shorter both for patients with P-cadherin-positive immunostaining and cytoplasmic β-catenin-positive tumors (Fig. 2) . E-Cadherin expression did not discriminate the prognosis of the patients.
P-Cadherin, β-catenin, and erbB-2 status reached statistical significance in the univariate analyses, while in the multivariate analyses, only c-erbB-2 status was identified as a significant prognostic factor (Table 3) .
The relationship between E-cadherin, P-cadherin, and β-catenin scores and pathological and molecular factors are shown in Table 4 . E-Cadherin expression showed an inverse correlation with PCNA levels. The majority of tumors with high E-cadherin expression (81.5%) were not proliferative (p=0.0111). P-Cadherin expression showed a statistically significant correlation with cerbB-2 and with mutant p53 status (in immunohistochemistry p53 staining Fig. 1 Human breast cancer biopsy samples immunostained to reveal E-cadherin (a), P-cadherin (b, e) and β-catenin (c, d). Note that E-cadherin and P-cadherin immunoreactivities appeared mainly at the cell membrane (black stain), while β-catenin appeared at the cell membrane (c) but also in the cytoplasm of the tumor cells (d). There is only one cell stained for P-cadherin in the middle of the tissue section; other areas of the tumor are negative (e). The tissue samples were lightly counterstained with hematoxylin to reveal nuclei. Original magnification, ×128. Bar=20 μm represents a subrogate marker of mutant or inactivated p53). An important percentage of P-cadherin-negative cases were negative for erbB-2 (80%, p=0.0005) and for p53 (74%, p=0.0001), respectively. Statistical analysis revealed a significant inverse correlation between P-cadherin expression and receptor status; 85% (86 of 101) of Pcadherin-negative cases were ER and/or PR positive (p= 0.0045). Additionally, a significant association between Pcadherin-negative cases and low tumor grade (p=0.0056) was also observed. A marginally significant difference was shown between P-cadherin negative expression and absence of lymph node metastases (p=0.0555). β-Catenin expression showed a statistically significant correlation with the lymph node. The majority of membrane β-catenin-positive cases (68.6%) were free of lymph node metastases (p= 0.0483). Additionally, an important association between or membrane staining of P-cadherin in less than 1% of the invasive tumor cells (squares, P-cadherin 0) and membrane staining of P-cadherin greater than 1% (triangles, P-cadherin 1) membrane β-catenin expression and receptor status was observed: 73.5% membrane β-catenin-positive cases were receptor positive (p=0.0751). The relationship between P-cadherin and β-catenin was also evaluated but did not reach significant differences. We also have found that P-cadherin and E-cadherin immunostaining were absent in ILC.
In the Western blot studies, P-cadherin detected two closed bands with a molecular weight (MW) of ≅120 kDa, E-cadherin showed a MW band of 120 kDa (Fig. 3a) , while β-catenin detected mainly a single band with a MW of ≅92 kDa (Fig. 3b,c) . In the immunoprecipitation/Western blot studies, β-catenin was immunoprecipitated with magnetic particles, and the resulting product was probed with different antibodies against the Hsp family of proteins ( Fig. 3d-f) . The results showed that β-catenin was interacting with Hsp27. To confirm this finding, the 27-kDa immunoprecipitated band was excised and submitted to LC-ESI-MS/MS, and in this study, the band was identified as Hsp27 protein 1 (Homo sapiens). In addition, Fig. 3 shows that β-catenin interacted with HSF1, Pcadherin, and caveolin-1 in the immunoprecipitation/Western blot studies. However, there was no interaction of β-catenin with Hsp60, Hsp70, Hsp90, gp96 (also known as GRP94), and CHOP (also known as GADD 153). The Hsp27/β-catenin interaction was quantified; approximately 40% of the total cellular content of Hsp27interacts with β-catenin, while approximately 70% of β-catenin interacts with Hsp27.
To further explore the β-catenin/HSF1 and β-catenin/ Hsp27 associations, we performed double immunostaining to evaluate the coexpression of proteins in the human breast cancer biopsy samples (n=54). Cytoplasmic β-catenin and nuclear HSF1 coexpressed in the same tumor cells as was revealed by one chromogen only (nuclear and cytoplasmic staining with DAB, Fig. 4a ) and by the use of two chromogens (cytoplasmic staining with DAB and nuclear staining with AP, Fig. 4b ). Additionally, β-catenin was observed in the same tumor areas and in the same tumor cells that expressed Hsp27. This coexpression could be visualized by DAB (cytoplasmic β-catenin staining) and AP (cytoplasmic Hsp27 staining; Fig. 4c ). This association was strong when β-catenin was expressed in the cytoplasm of the tumor cells but not when β-catenin was expressed at the cell membrane only (Fig. 4d) . β-Catenin and Hsp27 were both present in 61% of the tumors and were absent in 11% of the cases. Evaluation of the contingency tables showed a statistically significant association between both proteins (p<0.005). It may be significant that in 28% of the cases, β-catenin was expressed mainly at the membrane and in these cases there was absence of Hsp27.
We also examined these interactions in murine mammary carcinoma cells in vitro Immunocytochemistry of 4T1 cells showed that in untransfected control cells, β-catenin was mainly localized at the cell surface (Fig. 5a,c) , while after forced expression of hsp25, β-catenin relocated to the cytoplasm (Fig. 5b,d ). The differential localization of β-catenin observed in vitro suggests a potential functional role for the interaction between Hsp27 with β-catenin observed in clinical samples.
Discussion
Understanding the metastatic cascade of breast cancer based on identification of the proteins involved in this process offers a greater repertoire of useful molecular markers and the opportunity of tailoring therapy to individual tumor characteristics. We have evaluated Pcadherin, E-cadherin, and β-catenin as potential prognostic markers in breast cancer biopsies samples. We show that Pcadherin expression is a valuable indicator of poor prognosis in breast cancer patients. In addition, when Pcadherin expression was considered in relation to other molecular and pathological markers, we found a direct link of P-cadherin expression with erbB-2, p53 and tumor grade and a significant inverse correlation with receptor status. These findings are in agreement with those of previous authors (Gonzalez et al. 1999; Gamallo et al. 2001; Paredes et al. 2002 Paredes et al. , 2005 . The frequency of P-cadherin expression in invasive breast tumors in our study was similar to the 35% found by others (Palacios et al. 1995; Paredes et al. 2005) . In normal breast tissue, P-cadherin is expressed in myoepithelial rather than in epithelial cells (Wheelock et al. 2001 ). However, a subset of mammary tumors showed aberrant expression of this protein. It is not clear what mechanism might lead to the activation of P-cadherin expression in tumor cells whose normal progenitors do not express this protein. Changes in transcriptional regulation or deoxyribonucleic acid (DNA) methylation might lead to the silencing of the P-cadherin gene in normal cells. Changes in the tumor environment might also be involved in P-cadherin expression in cancer cells. A recent study has suggested that P-cadherin expression is repressed in normal epithelial cells by this specific mechanism and that the aberrant expression in breast cancer might be regulated by gene promoter hypomethylation (Paredes et al. 2005) . The biological aggressiveness of P-cadherin expression in breast cancer is still poorly understood. It seems that a change in cadherin family members in neoplastic cells modifies the behavior of such cells when compared with normal epithelial cells. Perhaps the new interactions between adjacent cells lead to novel intercellular communication and mitogenic signaling (Wheelock et al. 2001) . We also show an indirect link between P-cadherin and hormone receptor expression. Such an inverse correlation was also described by others (Palacios et al. 1995; Paredes et al. 2005) . Paredes et al. (2004) showed that P-cadherin expression depends on an estrogen-independent cell environment and suggest a role for P-cadherin in invasion involving interaction with proteins bound to the juxtamembrane domains. Taniuchi et al. (2005) have observed that the motility of pancreatic cancer cells is promoted Fig. 3 Western blot (WB) and immunoprecipitation (IP) studies in human breast cancers and a human tumor cell line. a WB for Pcadherin (lanes 1-4) and E-cadherin (lanes 5-7). Two close bands were detected with the P-cadherin antibody, lanes 1-3: cytosol from three different human breast cancer samples with different P-cadherin expression levels, lane 4: cytosol from the A431 cell lysate (positive control, human epidermoid carcinoma). E-Cadherin expression (lanes 5-7) in the same human breast tumors shown in lanes 1-3. b WB for β-catenin. Lane 1 and 3: cytosol from human breast cancers with different β-catenin expression levels, lane 2: A431 cell lysate; c β-catenin expression in a human breast cancer sample (lane 3); lane 2: IP of β-catenin using the same tumor shown in lane 3, followed by WB for β-catenin (positive control); lane 1: IP of β-catenin (same tumor shown in lane 3) followed by WB for P-cadherin; note the positive P-cadherin bands (arrow). d IP for β-catenin and WB for different probes. Note that in the IP studies, the proteins that coimmunoprecipitated with β-catenin were: P-cadherin (arrow in lane 1, c), Hsp27 (arrow in lane 1, d), caveolin-1 (arrow in lane 3, d), and HSF1 (arrow in lane 1, f). Equal amounts of proteins were loaded and subjected to SDS-PAGE (7.5 and 12.5%) and Western blotting. For comparative purposes, a nonspecific (NS) band (MW of ≅83 kDa) indicating similar loading of protein lysates in the different lanes is shown in d-f. g Negative control for IP by overexpressed P-cadherin interacting with p120ctn and activating the rho-family GTPases. It will be of interest to explore the relationship between the overexpression of P-cadherin and the rho family of small GTPases in breast cancer (proteins). Another signaling pathway associated with poor prognosis that may be activated by P-cadherin overexpression is the erbB-2 pathway. The erbB-2 receptor is expressed at a high level in 30% of human breast cancer patients and plays an important role in the transformation and the prognosis of breast cancer. In a complementary DNA microarray analysis, the P-cadherin (CDH3) gene (among others) was differentially regulated under erbB-2 overexpression in breast cancer (Mackay et al. 2003) . Perhaps crosstalk between P-cadherin and erbB-2 is initiated under these conditions. This could explain, at least in part, the poor survival of patients with P-cadherin-positive tumors.
Although the clinical correlations between P-cadherin expression and cancer progression appear to be robust, the biological pathways have not yet been determined and need further investigations.
We have also confirmed that P-cadherin expression is absent in ILC; possibly, the P-cadherin/CDH3 gene may undergo mutation or allelic loss as has been observed for the E-cadherin gene in this histological type of tumors (Droufakou et al. 2001) .
Cytoplasmic β-catenin expression was also demonstrated to play a role in the discernment of prognosis; DFS and OS were significantly shorter for patients with cytoplasmic β-catenin in their tumors. Elevated levels of β-catenin are associated with poor prognosis in breast cancer (Lin et al. 1999) . A recent study has also shown that a low expression level of membranous β-catenin is associated with a significantly worse outcome in breast cancer (DolledFilhart et al. 2006) . However, the mechanisms by which β-catenin confers the more aggressive biological behavior Fig. 4 Coexpression of HSF1 and Hsp27 with β-catenin in human breast cancer biopsies. a HSF1 (nuclear staining) and β-catenin (granules/cytoplasmic staining) using DAB (bar= 20 μm). b using Two different chromogens: DAB (cytoplasmic β-catenin) and AP (nuclear HSF1). c Coexpression of cytoplasmic Hsp27 (AP chromogen substrate) and cytoplasmic β-catenin (DAB substrate). Arrows indicate cytoplasmic β-catenin expression like brown granules. d Only membrane β-catenin immunostaining was detected; Hsp27 was absent. e Costaining of β-catenin (DAB) with cytokeratin (AP). Original magnification: b, ×100, and inserts in b, ×157.5; c, ×157.5 are poorly understood in breast cancer. In this study, 84% of tumors showed abnormal β-catenin expression, mainly in cytoplasmic granules, although 16% of tumors had membrane expression. Previous reports have described an aberrant pattern of β-catenin expression in different kinds of tumors such as colorectal, breast, and pancreatic cancer and melanoma, indicating alterations in the wnt signaling pathway (Karayiannakis et al. 2001; Rhan et al. 2001; Li et al. 2005; Kariola et al. 2005; Larne and Delmas 2006) . While some studies have demonstrated a nuclear/cytoplasmic localization of β-catenin in breast cancer biopsies, we and others (Rhan et al. 2001) were unable to detect β-catenin in the nucleus of breast cancer cells by immunohistochemistry. The mechanistic connections associated with aberrant expression of β-catenin are not really understood, specifically in breast cancer. It is known that in colon carcinoma, APC is one of the components most affected in the Wnt/β-catenin signaling pathway (80-95%) allowing β-catenin to translocate to the nucleus and turn on the transcription of c-myc and cyclin D1 oncogenes. Mutations in the amino-terminal region of β-catenin gene represent the second major mechanism of β-catenin accumulation (Morin et al. 1997) . However, the β-catenin signaling pathway does not follow the same pattern in breast cancer where APC or β-catenin mutations are not common. β-Catenin is a promiscuous protein, and the search of possible partners could help to elucidate the aggressive behavior of cells with aberrant expression of this protein. Several β-catenin-associated proteins have been described and may be involved in signaling pathways in cancer. Previous studies in breast cancer showed that overexpression of Pin-1 contributes to the upregulation of β-catenin by inhibiting its interaction with APC, decreasing β-catenin turnover, and increasing its nuclear translocation (Ryo et al. 2001) . A specific protein-protein interaction has been demonstrated between β-catenin and the androgen receptor in both prostatic and neuronal cells (Yang et al. 2002; Pawlowski et al. 2002) . Likewise, interaction between β-catenin and estrogen receptor α (Kouzmenko et al. 2004 ) and Galectin-3 (Shimura et al. 2004 ) have been found to be new binding partners for β-catenin. In this study, we have found novel interactions of β-catenin with Hsp27 and with HSF1. The β-catenin/Hsp27 association was strong when β-catenin was expressed in the cytoplasm of the tumor cells, not when β-catenin was expressed at the cell membrane only. This stresses the importance to study the protein localization in tumor cells by immunohistochemistry. Adittionally, cytoplasmic β-catenin and nuclear HSF1 were coexpressed in the same tumor cells. Moreover, in hsp25-transfected 4T1 murine mammary adenocarcinoma cells (highly metastatic cell line), the β-catenin expression was localized in the cytoplasm of tumor cells, while in control cells, the β-catenin expression was mainly found in the membrane of tumor cells. Previously, Bausero et al. (2006) showed that silencing the hsp25 gene has a profound effect on 4T1 cells through decreasing cell proliferation and inhibiting cell migration. We have shown the first direct evidence of interaction of β-catenin with the HSP. This newly identified interaction may help to clarify the mechanism underlying poor prognosis associated with aberrant β-catenin expression. Interactions of β-catenin with caveolin 1 and P-cadherin were also identified by immunoprecipitation in this study as shown previously (Galbiati et al. 2000; Patel et al. 2003) .
HSP are overexpressed in a wide range of human cancers and are implicated in tumor cell proliferation, differentiation, invasion, metastasis, death, and recognition by the immune system (Ciocca and Calderwood 2005) . Increased HSP expression may also predict the response to some anticancer treatments, and Hsp27 is implicated in resistance to chemotherapy in breast cancer (Ciocca and Calderwood 2005) . In addition, there are common molecular pathways for regulation of the HSP response and for the cadherin-catenin system involving phosphatidylinositol 3′-kinase (PI3K). In breast cancer cells, this pathway is activated by the membrane estrogen receptors and/or by heterodimerization of the Her-2/neu oncoproteins; PI3K can then positively regulate HSP transcription through activation of HSF1 (Ciocca et al. 2006) . On the other hand, the PI3K/Akt pathway also regulates intracellular β-catenin levels. Akt is a downstream target of PI3K, phosphorylating and inactivating GSK3β, thereby accumulating unphosphorylated β-catenin (Cross et al. 1995; Monick et al. 2001) . Recently, Khaleque et al. (2005) , have shown that HSF1 activation by heregulin β1 leads to protection from apoptosis and to anchorage-independent growth. There is evidence that HSF1 activation leads to hsp70 upregulation (Calderwood et al. 2007 ). Heregulin β1 binding to c-erbB receptors on the cell surface leads to the inhibition of intracellular HSF1 antagonist glycogen synthase kinase 3. In addition, this protein is part of a complex that mediates β-catenin degradation, and if it is inhibited in heregulintreated cells, we observe both HSF1 activation and cytoplasmic β-catenin accumulation (Adam et al. 2001) . GSK3β may thus be the point of crosstalk between HSF1 and HSP with β-catenin in this tumorigenic pathway.
Unlike the P-cadherin and β-catenin, E-cadherin levels were not useful to discriminate the prognosis of patients. The role played by this protein is less clear. Reports in the literature regarding the relationship between E-cadherin and prognosis are contradictory. Some authors report reduced expression of E-cadherin to be associated with tumor recurrence, metastases, and poor prognosis in breast cancer (Siitonen et al. 1996; Asgeirsson et al. 2000) . However, Gillet et al. (2001) found that conserved E-cadherin expression persists into the later stages of breast carcinoma, although it may be inactivated functionally. A recently study had found that E-cadherin is preserved in aggressive tumors in a high-risk population, but statistical analysis revealed no correlation between high E-cadherin expression and OS (Howard et al. 2005) . In this study, 53.2% of tumors were E-cadherin positive evaluated with 0 (membrane expression in greater than 30% of tumor cells) and 1 (membrane staining in less than 30% of tumor cells) scores but did not reach statistical differences with prognosis. Marginally statistical differences were found in patients with/without metastases. We found an inverse relationship between PCNA and E-cadherin. The role played by this protein in breast cancer is unclear at this point and in this study did not add prognostic information.
Conclusion
Identification of prognostic factors for breast cancer are taking place at an increasing rate, mainly because of the technical advances that permit the study of several molecules simultaneously using gene expression or protein expression profiling ( Van't Veer et al. 2002; Jacquemier et al. 2005) . In this study, we have shown that P-cadherin and β-catenin levels as well as protein localization are useful molecular/morphological markers that should be added to the list of prognostic factors in breast cancer. Moreover, we have found an association of β-catenin with molecules associated with the heat shock cascade (HSF1 and Hsp27). Understanding the interaction networks of these proteins in aggressive tumors could permit identification of novel, molecularly based therapeutic targets in breast cancer.
